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Abstract— Geniotrigona thoracica (G. thoracica) stingless bee honey contained high moisture that can easily lead to fermentation 
process. The high moisture content of stingless bee honey could lead to unwanted fermentation and crystallization form. Hence, it will 
affect the quality of honey in terms of acidic taste and undesirable appearance.  To make sure stingless bee honey meets the standard 
set by IHC, some methods have been carried out to reduce its moisture content.  This study investigates the moisture reduction during 
storage of G. thoracica stingless bee honey in a clay pot. The G. thoracica honeys were stored in clay pot with the inner volume of 
75.4cm3 and glass bottle (as control) at 25˚C for 21 days. Physicochemical analysis of honey such as moisture content, total soluble 
solid, water activity, viscosity, pH, free acidity, electrical conductivity, colour (L*, a* and b*) and colour intensity were investigated 
during storage. The result obtained indicated that the honey stored in a clay pot was significantly reduced the moisture content from 
28.03% to 16.51%. The water activity (aw) of honey in a clay pot was also reduced from 0.779 to 0.601. The free acidity of honey 
stored in a glass bottle increased significantly compared to honey stored in a clay pot, which was initially 106.7meq/kg to 146.3meq/kg 
and 121.7meq/kg, respectively. In conclusion, the application of clay pot as a storage medium was capable to reduce water content 
and preserved the quality of honey from G. thoracica. 
 




Honey is an important product of stingless bees because 
of its advantages to the consumers for medicine and food 
purposes. The chemical and physical compositions of honey 
are enriched with various nutritional and medicinal values 
that had been used in traditional medicine since ancient 
times. The ancient Egyptians, Chinese, Greeks, and Romans 
utilized honey to cure the diseases of the intestine and skin 
wounds [1]. The previous study showed that honey can act 
as antioxidant, antimicrobial and anti-inflammatory [2]. 
Nowadays, meliponiculture has become popular among 
beekeepers in Malaysia. Meliponiculture is an activity of 
beekeeping with stingless bees to obtain honey, pollen, resin, 
and ecological services [3]. Beekeepers of stingless bees can 
increase honey production by building a human-made hive 
to control the colony. This is since they are not revolt in 
picking the spot to construct hive [2]. There are around 500 
species of stingless bees have been identified [4]. These bees 
are abundant in tropical and subtropical regions worldwide, 
including Australia, Africa, Southeast Asia, and tropical 
America [5]. 
Geniotrigona thoracica (G. thoracica) is a type of 
stingless bee commonly found in Malaysia. G. thoracica 
belongs to the family of Hymenoptera in subfamily level of 
Meliponinae [6]. The average body size of G. thoracica is 
7.44±2.05 mm. G. thoracica has brownish body with dark 
brown wings and white tips at the apex of the wings [7]. 
Monsoon seasons and floral abundance in the perimeter 
where bees live are the factors that influence the taste of 
honey produced by G. thoracica stingless bee which is 
sweet-sour in nature [8]. 
Honey composition varies depending on the species of 
bee and the types of plants from which the bee consumes 
nectar [9]. When comparing the organoleptic and 
physicochemical properties of stingless bee honey with Apis 
mellifera honey, there are some notable differences which 
stingless bee honey has greater moisture content and acidity 
[10]. For instance, P. tobagoensis stingless bee honey has a 
very high-water content which can reach up to 42% [11] and 
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Partamona epiphytophila stingless bee honey contained 45.8% 
moisture [12].  
The high moisture content of stingless bee honey could 
lead to unwanted fermentation and crystallization form. 
Hence, it will affect the quality of honey in terms of acidic 
taste and undesirable appearance [13]. The International 
Honey Commission (IHC) has set the standard for good 
quality of honey; should have a moisture content that is not 
more than 20 g/100 g [14]. However, this standard only can 
be applied to Apis mellifera honey since stingless bee honey 
contains high moisture in nature. 
To make sure stingless bee honey meets the standard set 
by IHC, some methods have been carried out to reduce its 
moisture content. The conventional method is to heat the 
honey first before storage to eliminate yeast and reduce the 
moisture content. However, the increase of 
hydroxymethylfurfural (HMF) content and enzyme activity 
unfavorably could happen when uncontrolled heating 
applied to honey. HMF has become an indicator of the 
freshness of honey and consider as overheating if the content 
is high [15]. 
The clay pot is made up of clay as suggest by its name. 
Clay is a geologic product of the earth that is readily 
available and the process of making clay pot does not require 
extensive processing [16]. Previous researchers proved that 
clay pot can be used as a water filter because of the fact that 
water will flow out through the wall of the clay pot and left 
the unwanted material in it ([17] – [19]). With this 
mechanism, the clay pot can be applied to store stingless bee 
honey for the reduction of moisture content in order to meet 
the standard set by IHC [14]. The uses of clay pot as a 
medium for moisture content reduction of honey to avoid 
rapid fermentation can also benefit the beekeeper since it is 
convenient and economical. 
The objective of this work was to investigate the 
application of clay pot as a storage medium for moisture 
reduction of G. thoracica stingless bee honey. The 
physicochemical properties were also examined in terms of 
total soluble solids (TSS), viscosity, water activity (aw), pH, 
free acidity, electrical conductivity (EC), color parameter 
and color intensity. 
II. MATERIAL AND METHOD 
A. Clay pot design  
Clay pots were custom designed by Belipot Craft Ceramic 
Sdn. Bhd. in a cylindrical shape with lids (Fig. 1). The wall 
thickness of the clay pots was 0.5 cm. After shaping the clay 
into the desired design mold, the pots were dried and 
subsequently placed in a furnace at 1100˚C for 7 hr. Each 
clay pot was having a volume of approximately 75 cm3. The 
surface roughness, Ra, of the clay pot (7.31 ± 2.82 μm) was 
identified using a portable surface roughness tester 
(Mitutoyo, SJ-201P, Japan). The clay pots were sterilized in 
an autoclave at 121˚C for 15 min.   
B. Material and sampling 
A 2500g of raw G. thoracica stingless bee honey were 
obtained from University Agricultural Park, Universiti Putra 
Malaysia. Each cylinder clay pots and glass bottle (as control) 
were filled with 50g of G. thoracica stingless bee honey. 
Then, all cylinder clay pots and glass bottles were stored in 
an incubator at 25˚C and analyses on the honey were done 




Fig. 1 Front view of cylindrical clay pot 
C. Physicochemical determinations 
1) Moisture content and total soluble solids: The moisture 
content and total soluble solids of G. thoracica honey were 
determined using an Abbe refractometer (Digital ABBE 
Refractometer AR2008, A.Kruss, Germany) at 20˚C. 
According to Reference [20], the refractive index (RI) 
reading obtained from the Abbe refractometer was inserted 
in the Equation (1) to get the value of moisture content.  
 
W (g/100g) = [−0.2681−log (RI−1)] / 0.002243 (1) 
 
The total soluble solid of honey was recorded from the 
reading obtained from the Abbe refractometer and expressed 
in ˚Brix. 
2)  Viscosity: A rheometer (AR-G2, TA Instruments, New 
Castle, USA) provided with a software (TA Instrument 
Advantage TM software) was used to determine the 
rheological properties of G. thoracica stingless bee honey at 
room temperature (25°C) [13]. To determine the viscosity of 
the honey, a 60 mm diameter plate geometry and 1° steel 
cone angle was used.  Circulated water system was 
responsible to control the temperature. Steady state 
measurement was conducted with shear rate of 1-1000 s-1 at 
20°C. About 2 g of honey was slowly loaded onto the 
sample dish to avoid any possible bubble. The plate gap was 
set to 1000µm. The average viscosity of honey was 
calculated based on the 30 points data given by the software. 
3) Water activity: The measurement of the water activity 
(aw) of honey was took place by a water activity meter 
(Aqualab CX2, Decagon Devices Inc, WA, USA) at room 
temperature (25°C). A saturated salt solution was used to 
calibrate the equipment in the water activity range of interest. 
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2g of honey was placed in the sample dishes for the water 
activity measurement.  
4) pH and free acidity: For the determination of pH and 
free acidity of honey samples, AOAC Official Method 
962.19 was applied [21]. pH was determined by using a pH 
meter (Sartorius, PB-10) at room temperature. Buffer 
solutions of pH 4.00 and pH 7.00 were used to calibrate the 
pH meter. The honey solution that consists of 10g of 
G.thoracica honey dissolved in 75 mL of distilled water was 
prepared and the pH reading was recorded. Then, the 
titration of the honey solution by 0.1 M NaOH was carried 
out until the solution achieved pH 8.30 and the amount of 
NaOH used was recorded. The free acidity of honey was 
calculated by multiplying the volume (mL) of 0.1 M NaOH 
used in titration with 10. The free acidity was expressed as 
milliequivalent acid per kg of honey (meq/kg). 
5) Electrical conductivity: To determine the electrical 
conductivity of honey, honey solution of 20% (w/v) was 
prepared by mixing 20g of honey in distilled water. Prior to 
the measurement, the electrical conductivity electrode (EC-
5061, Taiwan Gaoji EZDO, Taiwan) was dipped into the 
calibrating solution. The results were reported in 
milliSiemens per centimetre (mS.cm-1) [14]. 
6) Colour parameter and color intensity: Colour 
parameter which consist of L* (lightness), a* (red/green 
(+a*/-a*)), and b* (yellow/blue (+b*/-b*)) were measured 
using a spectrophotometer (UltraScan Pro, HunterLab, USA) 
equipped with EasyMatch QC software. Before beginning 
the color measurement of the samples, the instrument was 
standardised using a light trap followed by white tile. A port 
plate of 0.780 inches is used. For the color measurement, a 
clear glass cell (20mm depth x 55 mm width x 57 mm height) 
was used as a honey holder. Glass cell filled with samples 
was then ready to be measured for the color parameter. 
According to Reference [23], the colour intensity of G. 
thoracica stingless bee honey was measured using the Pfund 
method; honey was diluted to 50g/100ml (w/v) in ultrapure 
water. The absorbance of the honey was determined using 
UV-VIS spectrophotometer at 636 nm and then converted to 
the Pfund scale according to the Equation (2): 
mmPfund = -38.7 + 371.39xAbs  (2) 
7) Statistical analysis: All data were conducted triplicate 
and the data expressed as mean ± standard deviation. The 
data were analysed by analysis of variance (ANOVA) using 
Minitab Statistical Software (Version 17, Minitab Inc.), and 
the difference among means at a significance level of 5% 
was performed by Tukey’s range test. 
III. RESULTS AND DISCUSSION 
The physicochemical properties of G. thoracica honey 
stored in a glass bottle (as control) and clay pot for 21 days 
at 25˚C are shown in Table 1. Moisture content is practically 
the most essential quality specification, as it affects the 
storage life of honey. Honey fermentation caused by 
osmotolerant yeasts potentially happened when honey 
contains high moisture [24]. According to Table 1, the 
moisture content of G. thoracica honey on Day 0 
(28.03±0.18g/100g) was in the range of 26.5-31.8 g/100g for 
stingless bee honey from Malaysia as reported by Reference 
[25]. The moisture content of G. thoracica honey stored in a 
clay pot for 21 days showed a significant decrease from 
28.03±0.18g/100g on Day 0 to 16.51±0.10g/100g on Day 21 
while for the control, the moisture content slightly decreased 
from 28.03±0.18g/100g to 27.25±0.15g/100g. In between 
Day 7 to Day 21, the value of moisture content of G. 
thoracica honey has achieved to the standard set by IHC 
which was not more than 20% [14]. The water was absorbed 
into the wall of the clay pot since clay characteristic is 
porous substance [26]. This result indicated that the moisture 
content of G. thoracica honey was reduced within a week by 
using a clay pot as a storage medium which stored at an 
ambient temperature of 25˚C.  
Total soluble solid is related to the moisture content and 
sugar content of honey. Therefore, the higher the water 
content, the lower the soluble solid content [6]. On Day 0, 
the TSS value for G. thoracica honey was 70.5±0.1 °Brix. 
Previous studies found that the TSS value for stingless bee 
honey from Malaysia was in the range of 60.85-72.25 °Brix 
[27] and these values were slightly higher (71.1 to 
74.7 °Brix) for stingless bee honey from Brazilian semiarid 
region [23]. The variation of TSS value between Malaysia 
and Brazil honey might be affected by the type of stingless 
bees as well as climatic and geographic factors [28]. TSS of 
G. thoracica honey stored in a clay pot was increased from 
70.5±0.1 °Brix on Day 0 to 81.9±0.0 °Brix on Day 21. On 
the other hand, the total soluble solid of the control was 
slightly increased from 70.5±0.1 °Brix on Day 0 to 
71.3±0.1 °Brix on Day 21 (Table 1).  
The initial (Day 0) viscosity of G. thoracica honey was 
0.125 Pa.s which was lower (0.29 Pa.s) than that of 
Heterotrigona itama honey as reported by Reference [29].  
In our study, the moisture content of honey stored in a clay 
pot was decreased and subsequently, the viscosity of honey 
was increased throughout the storage duration. Reference 
[30] also found that honey with the highest viscosity (23.4 
Pa.s) had the lowest moisture content (15g/100g). Reference 
[31] stated that the higher dehydration temperature and 
longer duration which resulted in higher moisture loss and 
produced more viscous honey due to the caramelization 
process. No significant difference in this parameter was 
observed for honey stored in a glass bottle during storage. 
The viscosity of honey stored in a clay pot on Day 21 was 
16.46 Pa.s. When the honey is too viscous, it would affect 
the storage, handling, and processing of honey. 
To date, there is no available standard has been set for 
water activity of stingless bee honey. The higher value of aw 
which is above 0.60 represents a critical threshold for 
microorganisms to grow [32]. In this study, the initial (Day 0) 
aw value of G. thoracica honey was 0.78. The previous study 
found that the water activity of Trigona carbonaria honey 
was ranging from 0.73 to 0.75 [33]. Lower aw value was 
obtained from Turkish blossom honey with a range of 0.50 
to 0.69 [34]. The water activity values for honey stored in a  
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TABLE I 




Storage time (days) at 25˚C   
0 1 3 5 7 14 21 
MC (g/100g) GB 28.0±0.2Aa 28.3±0.3Aa 28.2±0.4Aa 27.3±0.3Ba 27.3±0.1Ba 27.0±0.1Ba 27.3±0.1Ba 
 CP 28.0±0.2Aa 26.2±0.1Bb 24.1±0.0Cb 21.8±0.1Db 20.2±0.1Eb 18.0±0.0Fb 16.5±0.1Gb 
TSS (˚Brix) GB 70.5±0.1Ba 70.3±0.2Bb 70.3±0.4Bb 71.2±0.3Ab 71.2±0.1Ab 71.5±0.1Ab 71.3±0.2Ab 
 CP 70.5±0.1Ga 72.3±0.1Fa 74.4±0.2Ea 76.7±0.1Da 78.2±0.1Ca 80.4±0.0
Ba
 81.9±0.0Aa 
Viscosity (Pa.s) GB 0.125±0.007Ba 0.285±0.088Aa 0.179±0.004ABb 0.188±0.003ABb 0.194±0.006ABb 0.184±0.002ABb 0.191±0.003ABb 
 CP 0.125±0.007Da 0.284±0.018Da 0.820±0.016Da 1.224±0.068Da 3.171±0.100Ca 6.742±0.402
Ba 16.468±0.65Aa 
aw GB 0.779±0.001Aa 0.693±0.001Ca 0.683±0.007Ca 0.745±0.004Ba 0.723±0.006Ba 0.777±0.008
Aa 0.774±0.000Aa 
 CP 0.779±0.001Aa 0.673±0.008Ba 0.640±0.011BCb 0.665±0.004Bb 0.642±0.004BCb 0.608±0.031
Cb 0.601±0.006Cb 
pH GB 3.43±0.01Aa 3.40±0.01Bb 3.40±0.00Bb 3.35± 0.01Cb 3.36±0.00Db 3.30±0.00Eb 3.16±0.01Fb 
 CP 3.43±0.01Aa 3.42±0.01Ba 3.42±0.01ABa 3.37±0.01Ea 3.40±0.00Ca 3.38±0.00Da 3.27±0.00Fa 
FA (meq/kg) GB 106.7±0.6Fa 106.7±0.6Fa 114.7±0.6Ea 117.7±0.6Da 121.7±0.6Ca 131.7±0.6Ba 146.3±1.5Aa 
 CP 106.7±0.6Eb 103.7±0.6Fb 105.7±1.5EFb 111.0±1.0Db 114.0±1.0Cb 119.0±0.0Bb 121.7±0.6Ab 
EC(mS cm-1) GB 0.20±0.00Aa 0.20±0.00Aa 0.20±0.00Aa 0.20±0.00Aa 0.20±0.00Aa 0.20±0.00Aa 0.20±0.00Aa 
 CP 0.20±0.00Aa 0.15±0.07Aa 0.15±0.07Aa 0.15±0.07Aa 0.20±0.00Aa 0.15±0.07Aa 0.20±0.00Aa 
L* parameter GB 26.48±0.03Aa 26.53±0.04Aa 26.02±0.03Ba 25.74±0.02Ca 25.37±0.03Db 25.04±0.05Eb 24.98±0.07Eb 
 CP 26.48±0.03Ba 26.46±0.02BCa 25.86±0.05Db 25.70±0.03Ea 25.93±0.01Ea 26.69±0.05Aa 26.38±0.04Ca 
a* parameter GB 2.25±0.01BCa 2.35±0.12Ba 2.76±0.19Aa 2.40±0.11Ba 2.33±0.05Ba 1.95±0.17CDb 1.86±0.05Db 
 CP 2.25±0.02Da 2.44±0.05CDa 2.80±0.09Aa 2.50±0.09BCa 2.35±0.07CDa 2.49±0.12BCa 2.69±0.03Aba 
b* parameter GB 2.93±0.08Ba 3.43±0.15Aa 2.49±0.05Ca 2.20±0.14Ca 1.80±0.02Db 1.14±0.24Eb 0.90±0.15Eb 
 CP 2.93±0.08ABa 3.07±0.16Ab 2.52±0.14CDa 2.17±0.07Da 2.26±0.06CDa 2.60±0.17BCa 2.32±0.23CDa 
CI (mmPfund) GB 121.6±1.2Da 123.5±1.1Db 125.5±1.6Db 131.3±1.4Cb 132.4±1.9Cb 138.1±1.3Bb 146.3±1.0Ab 
 CP 121.6±1.2Ea 126.6±0.7Da 135.2±0.8Ca 142.5±1.1Ba 140.7±1.0Ba 147.2±1.0Aa 149.5±0.6Aa 
 
MC: moisture content; TSS: total soluble solid; aw: water activity; FA: free acidity; EC: electrical conductivity; CI: color intensity. Different capital letters in the same row indicate significant differences (p≤0.05) of a 
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clay pot reduced substantially compared to that of honey 
stored in a glass bottle. Honey stored in a clay pot has 
achieved the value of aw of 0.60 after 14 days but for honey 
stored in a glass bottle, the aw value was still beyond 0.77 up 
to Day 21 (Table 1). 
pH values, which are of great importance parameter 
during the extraction and storage of honey, as they influence 
the texture, stability and shelf life [35]. Honey is known for 
its acidic characteristics. According to Table 1, the pH of G. 
thoracica honey was initially 3.43±0.01 on Day 0. Reference 
[36] stated that the pH value for stingless bee honey is 
ranging between 3.2 and 4.5. Reference [37] reported the pH 
value for stingless bee honey from Thailand is ranging from 
3.3 to 4.1. After 21 days of storage in the clay pot and glass 
bottle, the honey became more acidic with pH of 3.27 and 
3.16, respectively (Table 1). The acidic pH range in the 
honey samples prevents the honey from constant 
contamination by various species of microorganisms and 
thus helps to ensure longer shelf life. A similar result was 
obtained for G. thoracica honey from Malaysia which 
decreased gradually throughout the storage of 42 days [38]. 
According to Reference [25], free acidity of honey is a 
parameter correlates with the organic acid present in the 
honey. Honey tends to ferment by converting sugars to 
organic acid thus increasing the acidity of the honey. 
According to Table 1, the free acidity value of G. thoracica 
honey on Day 0 was 106.7±0.6 meq/kg which fall in the 
range of free acidity for G. thoracica reported by Reference 
[27] (101.83 to 170.50 meq/kg). Our result also in the range 
of free acidity of fresh Tetragonalu laeviceps-pagdeni (78.5 
to 118.0 meq/kg) from Thailand [37]. Honey stored in a clay 
pot increased to 121.7±0.6 meq/kg on Day 21 while the free 
acidity value of the control sample was increased to 
146.3±1.5 meq/kg on Day 21. The free acidity value of 
honey in the clay pot and glass bottle was found to be 
significantly different on Day 21.  
The electrical conductivity of honey is directly related to 
the concentration of mineral salts, organic acids and proteins, 
which are being very useful in the determination of the floral 
origin [39]. According to Table 1, the value of electrical 
conductivity on Day 0 was 0.20 mS cm-1 which found to be 
in the range of the electrical conductivity of stingless bee 
honey from Brazil that ranging from 0.15 to 1.34 mS cm-1 
[9]. No significant difference was observed in the electrical 
conductivity value of honey between honey stored in a glass 
bottle with honey stored in a clay pot throughout 21 days of 
storage. The electrical conductivity values of honey obtained 
in this study were acceptable according to international 
standards (< 0.8 mS cm-1) [40]. 
The type of nectar used in honey production [41] and the 
minerals present [42] could be influenced the color of the 
honey. The changes in color parameters of G. thoracica 
honey during storage at 25˚C for 21 days are shown in Table 
1. The * value of G. thoracica honey stored in a clay pot was 
increased while the control sample was decreased during the 
storage period. In the meantime, G. thoracica honey in both 
storage containers showed decreased values of b* and L*. 
On the other hand, the colour intensity of G. thoracica honey 
in both containers was found to be increased during storage. 
On Day 0, the color intensity of G. thoracica was 121.6±1.2 
mmPfund.  The result obtained was in the range of 39 to 150 
mmPfund for blossom honey and honeydew honey from 
Northwest Spain, respectively [41]. At the end of the storage 
period (Day 21), both G. thoracica honey stored in the clay 
pot and glass bottle had dark color in which the value of 
Pfund was higher than 114mm. USDA (1985) mentioned 
that honey with the Pfund value greater than 114mm had a 
darker color [43]. The darker color of honey could be due to 
the breakdown of volatile substances, the caramelization of 
the sugar, and the production of brown melanoidin [44].  
IV. CONCLUSION 
In this work, the physicochemical properties of 
G.thoracica stingless bee honey originated from Malaysia 
during 21 days of storage in the clay pot and a glass bottle 
has been studied. Storage of G.thoracica stingless bee honey 
in a clay pot does make a significant reduction of moisture 
content within a week since water can penetrate through its 
wall. Therefore, the clay pot can be used as a storage 
medium to reduce the moisture content of honey in order to 
meet the standard. G.thoracica stingless bee honey in a clay 
pot was still retained good quality compared to the control 
sample (honey in a glass bottle) even though there were 
many changes in the physicochemical properties of honey 
during storage. The low water activity and pH with a high 
sugar concentration of honey stored in a clay pot could 
prevent the growth of many microorganisms. Therefore, the 
deterioration of stingless bee honey can be minimized and 
would help the entrepreneurs to sustain the quality of honey 
before the product distribution. 
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